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SUMMARY 
four-generation crossbreeding experiment with Hereford, Angus 
a from a tt1e were analyzed. Individual, maternal, and grand-maternal 
rthorn c: rotic effects on the composite trait of calf weight weaned per 
I e and h\~eeding and its component traits were evaluated. The parameter 
e."osed to then used to project performance at equ i 1 i bri urn under rotat i on 
teS ~ere The average of two-breed cross rotations is expected to increase 
r~lng . ned per cow exposed by 18 percent above the average of the three 
Ight w~: The three-breed cross rotat i on is expected to increase calf 
• t bre~ ~r cow exposed by 23 percent above the average of the three 
weane d~ For the average of all two-breed cross rotations combined with 
• t ~r:~ re' crossbreedi ng system, the expected increase inca lf wei ght 
Ina coW exposed above the average of a 11 straight breeds is 24 percent. 
per basis the expectati on for a three-breed cross rotation combined 
• ~:ina 1 sire crossbreedi ng system is 28 percent. 
INTRODUCTION 
K~ to commercial cow-calf operators is determined largely by the total 
of weaned calves : Capital and feed costs associated with maintenance of 
uet ion unit are hIgh 1 y re 1 ated to the number of cows. Therefore, the com-
e trait weaning weight per cow exposed to breeding, is indicative of both 
leal a~d economic efficiency of a cow-calf enterprise. 
rossbreed ing offers opportunities to improve upon performance of 
• gilt bred population s. Exploitation of additive genetic vari ation among 
s can result in a mid-parent more desirable for composite traits than 
parent (Moav, 1966). Important differences exist among breeds for most 
c~onents of weaning weight per cow exposed (Long, 1980) and between 
differences may be highly heritable for s0rTl@. component traits. Favorable 
sis for components of weaning weight per cow exposed to breeding presents 
er opportunity to improve the efficiency of cow-calf enterprises. The 
tve of crossbreeding systems is to optimize the use of heterosis and addi-
breed effects simultaneously (Gregory and Cundiff, 1980). 
Is study ut i1 i zed data from a four generat i on crossbreed i ng experiment to 
te breed specific additive and heterotic effects on weaning weight per cow 
~obreeding and its component traits. Systematic breeding programs 
utlh ze the additive and heterotic effects are then examined. 
MATERIALS AND METHODS 
experiment was in it i ated in 1957 with the Angus, Hereford and Shorthorn 
n L. Hruska U.S. Meat An ima 1 Research Center, Agri cu ltura 1 Research 
ee, U.S. Department of Agriculture, Clay Center, NE 68933, U.S.A. 
artment of Animal Science, University of Nebraska, Clay Center, NE 68933, 
__ dtC&uc SC 0:: __ _ 
js at the Fort Robinson Beef Cattle Research Station in north 
tation in this area is composed primarily of native short andW~st 
ses. Calves were born from mid-February to early May. Birth 1 
lined within ~4 h af~er birth and male calves were castrated 
calves ran wlth thelr dams on the range and were weighed and 
)ber at an average age of approximately 200 days. When the cal 
ned, cows were palpated to determine their pregnancy status. ves 
In phase I, Angus, Hereford and Shorthorn bulls were mated to 
eford and Shorthorn cows to produce straightbred (n=360) and 
,393) progeny (Gregory et al., 1965; Wiltbank et al., 1967) Th 
'e produced in years 1960 through 1963 when the cows were 3'throeseh ~, respectively. ug 6 
In phase II, the straightbred heifers produced in phase I were 
lIs of a different breed to produce two-breed cross calves (n= 
ntemporary two-breed cross heifers were mated to produce thr~p .. n~A_~ 
lIves (n=555) (Cundiff et al., 1974a,b). Heifers born in 1960 and 
lnaged to calve first at 3 years of age. Heifers born in 1962 and 
in aged to calve first as 2 year-olds. The first calves in phase II 
n 1963. Phase II calves were produced through 1968. 
In 1969 through 1972 the cows which had produced phase II calves 
o produce phase III calves (unpublished). The mating plan was to 
lackcross (n=325) and thre~-breed cross (n=175) calves from the 
;ows establishing the basis for two- and three-breed rotation cros 
;ystems in all possible breed rotations. Contemporary straightbred 
(n=312) were produced from the straightbred cows. 
At weaning the heifer calves born in all years of phase III were 
to the Roman L. Hruska U.S. Meat Animal Research Center (MARC) at Cl 
south-central Nebraska. Cows were transferred to MARC before calvi 
and were maintained continuously on improved cool-season and warm-
pastures and provided supplemental feed as conditions warranted. 
cattle were managed in a similar manner at both locations. 
Phase IV (unpublished) was the continuation for another generation 
mating systems established in phase III. Thus, the two-breed rotation 
was carried on for two generations beyond the initial twb-breed cross 
the first backcross progeny were produced in the three-breed rotation 
The first calf crop in phase IV was born in 1971 and a total of five 
were produced. Two-hundred-four straightbred calves, 194 two-breed 
and 155 three-breed cross calves were weaned in phase IV. 
The data for component traits of weaning weight per cow exposed to 
used in this report are least squares means for calf breed groups fra. 
analyses of the individual phases. Weaning weight per cow exposed to 
(W) was calculated from the trait means for each breed group: 
W = PI * (1 - P2) * (1 - P3) * [BW + (289 - BO) x AOG]. 
Where: PI is the probability of a detectable pregnancy at palpation; 
P2 is the probability of a calf's death prior to parturition; 
P3 is the probability of a calf's death between birth and we 
BW is the weight of the calf at birth; 
BO is the julian day of the calf's birth; and 
AOG is the average daily gain of the calf between 
This formulation assumes weaning occurs on julian day 289 each y~ar. 
The breed group means were equated to their genetic expectatlo~S 
dual, maternal and grandmaternal additive and heterotic effects (Ole 
1969) and a block effect for phase of the experiment. Since no croS - -~ m~tprnal and grandmaternal heterotic effects are completely 
ith indiv nde~h~ eS t i ma~E 
• ssbreedH 
on ero f Sl rformanc~ ~K i n 
.rd error 
--
. . dividual and maternal epistatic recombination effects, respec-
ed V/1t\~~ates of heterosis are estimates of the effective heterosis in 
The eS 1 ding systems. Standard regression theory was used to predict 
croSsbre~ straightbred and rotation mating systems and estimate the 
rrnance o(K i nghorn, 1982). 
errors 
RESULTS AND DISCUSSION 
timates for breed additive and heterotic effects are presented arameterT:~le 2 contains .predicted levels of performance for various 
e 1. d rotation mat1ng systems. 
. anerformance of a straightbred is the sum of the overall mean ' per-
lcted Ps ective breed individual, maternal and grandmaternal breed addi-
and reI~ is projected that Hereford straightbreds would be intermediate 
e fec ts . i ht per cow exposed to breeding between Angus and Shorthorn and anln~ wetfy different from either. Angus are projected to significantly Slgnlfl~~n rn for weaning weight per cow exposed to breeding. The rel atively 
ShOr ~ce of the straightbred Shorthorn appears due to the reduced 
orrn~e resultant from the individual breed additive effect on pregnancy 
cy raoSsing the Shorthorn individual breed additive effect was parti ally 
~n ~:rger t~an average, but non-significant individual breed specific 
Y effects on pregnancy rate. 
lC age the two breed rotation systems significantly exceeded the 
aver systems in production of weaning weight per cow exposed to 
Accumulated favorab le heterotic effects under the rotation system add 
tely 27 kg (18 pct) of weaning weight per cow exposed to the average of 
reds. The increment due to heterosis under the two-breed rotation 
the reduced additive genetic merit from the use of a second breed 
sser genetic merit than the best straightbred. 
e e three-breed rotation system yielded 34 kg (23 pct) more weaning weight 
c exposed than the average of the three straightbreds. Addition of a 
breed to a two-breed rotation system to form a three-breed rotation 
on benefits from an additional 19 percent (67 pct for two-breed ~ 86 
three-breed rotations) of the accumulated heterotic effects being suf-
to offset any reduction in additive genetic merit from the third breed. 
these data the expected 19 percent increase in heterosis should 
weaning weight per cow exposed by an average of 7 kg . Addition of 
rthorn or Hereford to fhe Angus-Hereford and Angus-Shorthorn rotation 
, respecti vely, was not rewarded with a significant inc'rease in produc-
Addition of the most favorable straightbred, Angus to the two-breed 
on composed of Hereford and Shorthorn did significantly increase weaning 
per cow exposed for breed i ng. 
nowledge of additive effects of a terminal sire breed on component traits 
~j weight per cow exposed to breeding is required to implement 
ing systems which make use of a terminal sire breed (table 2). Data 
available for the component traits pregnancy rate and mortality to 
It is assumed that effects of the hypothetical terminal sire breed on 
two components of weaning weight per cow exposed were ni 1. Predicted 
dual additive effects for the other components of weaning weight per cow 
I to breedi~g were a: 6.4 percent increase in calf mortal ity to weaning, 
a~er Calv1ng date, 4.3 kg increase in birth weight, and 29.5 g/d 
1n preweaning daily gain. Use of a terminal sire breed also enables 
se of individual heterosis in the progeny produced. 
hypothet Ical terminal sire breed was used on simulated two- and three-
rotat10n cows. Two- and three-breed rotation systems combi ned with the 
SIre breed produced, respectively, 24 pct and 28 pct more calf weight 
T.ABl...E 1. BREED POOITIVE ftND HffiROSIS EFFECTS (}l WEANING WEIGiT PER (XloI EXPOSED TO BREEDING ftND ITS ~ENT mAITS 
Preweanlng Weal1lng weight 
Pregnancy t1Jrtality Calving Birth groNth per C!JN 
Effecta Breedb rate, % to birth, % date d wei t rate, /d exposed, k 
A ltlVe 
Individual A .3±2.3 -L6±1.6 -.8i-L5 -121±36 .7±2.2 43±13 B.1±5.B 
H 4.9±2.3 .4±L6 LB±L5 167±36 -.1±2.2 5±13 9.5±5.B 
S -5.2±2.3 L2±L6 -LO±L5 -46±36 -.6±2.2 -49±13 -17.6±5.B 
Maternal A .4±2.1 .6±1.5 -L6±L4 -10±34 .9±2.1 36±12 4.9±5.4 
H -2.0±2.1 L2±L5 l.l±L4 7±34 2.3±2.1 -63±12 -20.0±5.4 
S L6±2.1 -L8i-L5 .6±L4 4±34 -3.1±2.1 27±12 15.0±5.4 
Grand- A L2±L5 -.3±l.l -.3±LO -37±25 .l±L5 -22±9 -.9±3.9 
maternal H .6±L5 -.8i-l.l l.3±LO 25±25 -3.2±L5 IB±9 9.9±3.9 
S -L8i-1.5 l.l±l.l -LO±LO 12±25 3.O±L5 4±9 -B.9±3.9 
Heterosis 
Individual AxH -1.l±3.3 3.4±2.3 3.7±2.1 1722±524 -4.1±3.2 49±lB B.l±8.4 
A x S 3.4±3.3 2.3±2.3 -.9±2.1 1150±524 -4.2±3.2 14±lB 13.7±8.4 
H x S L9±3.3 -.8i-2.3 -.1±2.1 2B14±524 -.2±3.2 61±1B IB.7±B.4 
Maternal AxH 4.5±2.5 -2.O±LB -2.9±1.7 571±407 L0±2.5 47±14 19.B±6.5 
A x S 4.6±2.5 -2.3±LB -LO±L7 -135±407 .B±2.5 25±14 15.5±6.5 
H x S 3.8i-2.5 L8i-LB -5.O±L7 538±407 ·3.5±2.5 46±14 9.2±6.5 
Grand- AxH -3.0±4.1 .7±2.B -5.8i-2.7 -684±657 -5.3±4.0 9±23 3.6±10.5 
maternal A x S 2.0±4.1 -2.4±2.B -4.1±2.7 342±657 -4.6±4.0 35±23 2O.3±ID.5 
H x S -2.6±4.1 -1.2±2.8 -4.3±2.7 -402±657 -7.2±4.0 -1±23 B.8±ID.S 
ilEffects estimated sirrultil'lE!OUsly by rrultiple reg-ession nethods. 
(.0) 
U1 
..... 
In. 
ng 
PreoIeIJ'\\ng we\cjlt 
I"orta 1 ity Birth I"ortal i ty <]'"OIIth per COfj 
Preg1CYlcy to birth, Calving weicjlt, to weCYl- rate, exposed, 
Mating systEJll Breedsa rate, % % date kg ing, % 9/d k9 
Stralghtbrea A 90.7±2.7 2.6±1.9 76.8±l.8 30.7±.4 9.9±2.7 8OB±l5 161±7 
H 92.4±2.7 4.8±1.9 83.5±1.8 34.4±.4 7.3±2.7 713±lS 148±7 
S 83.4±2.7 4.5±1.9 77.9±1.8 32.1±.4 7.5±2.7 732±lS 137±7 
Average 88.8±1.7 4.0±1.2 79.4±1.1 32.4±.3 8.2±1.7 7S1±10 148±4 
T\\Q-breed AH 91.8±2.3 S.1±1.6 76. 8±1. 5 33.7±.4 3.0±2.2 830±13 176±6 
rotation A S 93.7±2.3 1.9±1.6 73.3±1.5 32.3±.4 3.3±2.2 819±13 182±6 
H S 90.0±2.3 4.5±1.6 74.4±1.5 35.2±.4 4.7±2.2 793±13 167±6 
Average 91. 8±1. 8 3.8±1.3 74. 8±1. 2 33.7±.3 3.7±1.8 814±10 17Si5 
Three-breed A H S 92.7±2.2 3.8±1.6 73.6±1.5 34.1±.4 2.4±2.2 832±13 182±6 
rotation 
T\\Q-breed maternal A H 92.7±2.1 4.8±1.5 78.7±1.4 38.6±.3 9.1±2.1 856±12 183±5 
rotation with a AS 94.0±2.1 2.1±1.5 79.0±1.4 38.2±.3 9.7±2.1 882±12 192±5 
termigal sire H S 90.2±2.1 6.3±1.5 79.0±1.4 1l.3±.3 8.6±2.1 834±12 17Si5 
breed Average 92.3±1.6 4.4±l.1 78.9±1.0 38.7±.3 9.1±1.5 858±9 183±4 
Three-breed A H S 92.9±2.1 4.0±1.5 76.9±1.4 38.7±.3 8.4±2.1 ffiB±12 189±5 
maternal rotation 
with a terminal 
sire breedb 
aA=Angus, H9-lereford, S=Shorthom. 
bDirect effects for the terminal sire breed were the average of the direct effects for Brown Swiss, 
Gelbvieh, Maine Anjou, Sil11TEl1tal, Lirrousin, Dlarolais (Ild Dlianina breeds fran the Germ Plasm Evaluation 
Progrcm (Smith et al., 1976; Gregory et al., 1978). Data were not available to estimate the direct effects of 
the terminal sire breed for pregnancy rate and rrortality to birth. The deviations attributed to the terminal 
sire breed for pregnancy rate (Ild rrortality to birth were assured to be zero. 
weaned per cow exposed than the average of the three strai ghtbred 
the two- and three-breed rotation systems, the two- and th ree-breSd 
rotation systems in conjunction with the terminal sire breed p e 
eight kg more calf at weaning per cow exposed for breeding. Thes 
indicative of maximum productivity of a terminal sire system Withe 
resources as no cows are used to simulate production of rep lacement 
replacement females are saved from the two- or three-breed rotatio 
combi ned system the advantage indicated for addi ng the te rmi nal s;~ 
to the system would be reduced by about one-half (Gregory and Cund;~f 
The cost of achieving this additional output through use of a term; i 
system as assumed in this analysis may exceed the value of the inc na 
for many production situations. Results reported here are l imi 
traits and do not take into consideration any improvement i n pos 
rate, feed efficiency or carcass composition as usually expec ted fr 
terminal sire breed. 011 
REFERENCES 
CUNDIFF, L. V. , GREGORY, K.E. and KOCH, R.M . 1976a. Effec ts of n<>Ta __ • 
reproduction in Hereford, Angus and Shorthorn cattle. J . Anim. 
711- 72 7 . -----:--=:::.:....:...~i. 
CUNDIFF, L.V., GREGORY, K.E. and KOCH, R.M. 1976b . Effec t s of np" ......... _, 
maternal performance and milk production in Hereford, Ang us and ~nrl r~I~_ 
cattle . J . Anim. Sci . 38, 728-745. 
DICKERSON, G. E. 1969. Experimental approaches in util i zi ng breed 
Anim. Brdg. Abstr . 37, 191-202. 
GREGORY, K. E., SWIGER, L.A . , KOCH, R.M., SUMPTION, L.J . , ROWDEN, W. W. 
INGALLS, J.E. 1965. Heterosis in preweaning traits of beef cattle. 
Sci. 24, 21-28. 
GREGORY, K. E., CUNDIFF, L.V., SMITH, G.M . , LASTER, D.B. and FITZHUGH, 
1978. Characterization of biological types of cattle - cyc le II. 1. 
weaning traits. J. Anim. Sci. 47, 1022-1030. 
GREGORY, K.E. and CUNDIFF, L. V. 1980 . Crossbreeding 
of systems. J. Anim. Sci. 51, 1224-1242 . 
KINGHORN, B. 1982 . Genetic effects in crossbreeding. I. Models of 
Tierzuchtg. Zuchtgsbiol. 99, 59-68. 
LONG, C.R. 1980. Crossbreeding for beef production: Experimental 
J. Anim. Sci. 51, 1197-1223. 
MOAV, R. 1966. Specialized sire and dam lines. Anim . Prod . 8, 1 
SMITH, G.M., LASTER, D.B. and GREGORY, K.E. 1976. Characterization 
cal types of cattle . 1. Dystocia and preweaning growth. J. Anim. 
27-36. 
WILTBANK, J.N., GREGORY, K.E., ROTHLISBERGER, J .A. , 
C. W. 1967. Fertil i ty of beef cows bred to produce 
calves. J. Anim. Sci. 26, 1005-1010. 
